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(57) A coated substrate is described comprising a substrate and at least one primary coating layer formed tii c reon. The 
product is characterised by an exposed protective additional layer formed thereon by cathode vacuum spuuaring. The 
protective layer is selected from oxides and oxynitiides of silicon, and mixtures of one or more of oxides, nithdes and 
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improved chemical and mechanical durabili^, while any consequential changes in the optical prop .cities are 
minimised. 
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Coated substrate and process for its formation 



This invention is directed to a coated substrate comprisins a 
substrate and at least one primary coating layer formed thereon and to a proce^ 
of fonming such a coated substrate. 

Coated substrates find use in various fields for various purposes. 
5 Thus, for exan^le, coated glass is used in rninrors, in decorative products and in 
solar screening panels, for use in buildings and vehicles. Commercial^ availab:^ 
solar screening panels are glass sheets carrying a single or a mufti-coating, t o 
outer coating byer being generally an oxide, nitride or metal coating such i^s 
titanium nitride, tin oxide, titanium oxide or chromium. These outer layeii, 

W especially when formed by vacuum depo6ltk>n techniques, are very thin and ak^ 
prone to chemical attack in use and/or a^-e relatively sensitive to mechanical 
attack in use (resistarKe to abrasion for example). 

Coated substrates can be exposed to a number of conditions whic i 
tend to limit their useful life. During storage, transport and assembly into glazii. j 

IS units, such coated substrates are subjected to mechanical action which may result 
in the appearance of scratches or otiier Imperfections. During exposure to ti'i:i 
ambient atmosphere the coated samples may be subject to chemical action fro/a 
pollutants in the atmosphere. Coatings may also be damaged by perspiration as ^ 
resutt of contact with the skin. Before beirig assembled into glazing units, it .3 

20 common to wash the coated substrate with detergents, which may also damage; 
the coating. 

The durability of a given coating depends inier alia upon th i 
composition of tfie coating and the method by udiich the various coating layeii; 
are deposited. In some cases the compositiori of the outer coating layer is such a*. 

25 to provide some improved durability. If it is desired to huther improve durab^lii^,/ 
by increasing the thickness of the outer coating layer, it is found that generall^r 
this results in changes in the optical properties of the sample outside acceptabk 
tolerance ranges. 

EP-A-0548972 describes a functional product, such as glass plai«- . 

30 carrying a thin functional layer and a composite layer of an oxide film, the oxid 2 
containing tin and sifiojn. The object f using the composite oxWe film layer is to 
provkie wear resistance to the product. The Examples all have a high proportioi v 
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of tin in the composite layer (in a ratio of not less than 
50:50 to the silicon), giving a relatively high refractive 
index (1.69 in most of the Examples/ 1*75 in Example 3). The 
Examples also relate to relatively thick composite layors, 
5 from 5 nm (as in Example 8) to 93 nm (Example 3) and indeed 
it appears that deposition of relatively thick layers of the 
claimed composite material is necessary to achieve a 
reasonable degree of wear resistance • For instance the 5 nm 
thickness o'f the composite layer would seem to be the 

10 minimum to achieve a satisfactory protection of an adjacent 
layer against external, corrosion. Moreover the spec:.fic 
combination of tin and silicon oxides would seem to ch^^nge 
the optical properties of the product to the extent that 
adjustment of the adjacent layers would be required to 

15 maintain, the optical properties of the product as a whole. 
Accordingly the teaching of the said document does not n.eet 
the objective of protecting a surface layer on a gla;z;ing 
product without changing its optical properties. 

It is an object of the present invention to 

20 provide coated substrates with improved chemical and/or 
mechanical durability, while minimising any consequential 
changes in the optical properties of the product. 

We have now surprisingly found that this objective 
can be achieved by the provision of an outer coating of 

25 specific silicon compounds, applied in a specific manner* 

According to one aspect of the invention, there is 
provided a coated substrate comprising a substrate, at least 
one primary coating layer forraed on the substrate, and a 
sputtered protective layer provided by cathode vacuum 

30 sputtering on an outermost coating layer of the at least one 
primary coating layer. The protective layer is exposed, has 
a thickness ranging from 1 to 10 nm and is composed cf a 
material having a refractive index of less than 1.7 and 
comprising at least one substance selected from the group 

35 consisting of oxides of silicon, oxynitrides of silicon, and 
mixtures of at least one of oxides of silicon, nitrides of 
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silicon, and oxynitrides of silicon. The material of the 
sputtered protective layer additionally comprises not r;.ore 
that 10% by weight of a further substance which is an o:;ide 
of a silicon dopant or an oxynirride of a silicon dopant 

5 

The present invention also provides, in ano-her 
aspect thereof, a process for forming a coated substrate as 
defined above. The process of the invention comprises the 
steps of; 

10 a) providing a substrate; 

b) forming at least one primary coating layer on 
the substrate; and 

c) forming by cathode vacuum sputtering a 
protective layer on an outermost coating layer of the at 

15 least one primary coating layer, the protective layer being 
exposed, having a thickness ranging from 1 to 10 nm and 
being composed of a material having a refractive index of 
less than 1.7 and comprising at least one substance selected 
from the group consisting of oxides of silicon, oxynitrides 

20 of silicon, and mixtures of at least one of oxides of 
silicon, nitrides of silicon, and oxynitrides of silicon. 
The material of the protective layer additionally comprises 
not more than 10% by weight of a further substance which is 
an oxide of a silicon dopant or an oxynitride of a silicon 

25 dopant. 

We have found that the protective layer improves 
the chemical aid/or mechanical durability of the coaced 
substrate. Particularly where the thickness of the 

30 protective layer is low, the effect thereof on the optical 
properties of the product may be minimal. This is 
particularly so when the material of the 
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protective layer has a refractive index of t^^ than 1,6, A material with a refracvve 
index of less than 1.65 is especially advantageous, preferably of the order of 
1.50 to 1.52, and even below 1,5, 

The protective layer preferably has a thickness of from 2 to 5 nrn. 
5 Bebw a thickness of about 2 mn, there is an improvennent in durability, but this 
may not be sufficient to nieet some cc^Tunercial quality expectations. li is 
particularly surprising that significani^ improved durability can be achieved with 
such thin coating layers of the silicon compound. 

The Invention is particular^ beneficial where the primary coat 13 
W layer adjacent the protective layer is $e]ectsd from titanium nitride, tin oxide, zjx 
oxide, titanium oxide and chromium. Particular benefits arise with muhi-coa>od 
substrates, which themsek/cs have been deposited by sputtering. We have found 
that muW-coated substrates whkh include a metallic layer of silver or gold 
sandwiched between layers of metal oxide or nitride, also benefit from a t»^ n 
15 protective coating layer of the silicon specified compounds. 

The invention thus provkies an Improved quality of coTnn>erciiu 
coated wtreous products, in whkh the optical properties are well defined and 
subjected to strict manufachiring toleranceSt by extendi!^ their lifespan witho^i 
significant^ changing ttieir optical properties. The invention is especially 
20 advantageous in providing a layer which can protect all kinds of coatin^^, 
particularly coatings deposited by cathodlc sputtering under vacuum, by 
improvmg their chemical resistance arKl/or mechanical resistance with littie or j 
change in their optical properties. The invention thus prowdes a universally 
appficable protective layer, which is of great advantage particularly from tt.i> 
25 viewpoint of the industrial manufsuAire and reproducibility of several differer^c 
types of coating In sequence in the same production unit. 

Referring to mulfi<soated products containing silver, it should 
noted that, for reasons concerning the cathode sputtering process, the silver U 
conventional^ coated with a thin layer of a sacrificial metal (a "barrier" layer) 
30 which becomes converted to the oxide or nrhide during the coating process. Pi; 3 
sacrificial metal may be for example titanium, zinc, a nickcVchromium aUoy or 
aluminium. A similar barrier byer may be placed bebw the silver layer. Whi;^ 
these sacrificial layers provkle some improveii^nt In the durability of the product, 
improving chemical durability further by incr^ing the thickness of the sacrificial 
35 layers reduces the luminous transmission of the products. We have found that a 
protective coating byer of. for example 2 nm SiOg, applied by cathoda 
sputtering, can reduce the sensitivity to mechanical damage during storage and 
to humidity, reduce the scnsitiviiy to perspiration on contort wttii tfic sldn and 
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improve the durabilHy of the coating when the product is being washed with 
deteigents prior to assembly for example a double-glazing unit. A thicker C 
layer may be appUcd, limited only by the pemutted tolerances in opUcal 
properties of the product 
5 While not wishing to be bound by theory, the applicants bejs^vc 

that the thin coating layer according to the invention reduces the porosity of the 
underfying layer and thereby renders the product less sensitive to humidity aiic to 
the action of deteigents. The thin layer of silicon compound is also believec to 
have a lubricating action, which assists in Improving the mechanical durability of 
70 the product. 

While known mulu-coated substrates may be rendered more 
resistant by the replacement of the upper coating layer thereof by a coating fey ^r 
of nitrkles of silicon, especial^ the replacement of an outer SnOj layer having a 
thkkncss of less than 25 nm ty siBcon nitride, a further improvement In durabijcy 

75 may be achieved according to the present Invention by a thin coating layer of 
silica over the silicon nitride layer. 

The protective layer is formed of a material selected from oxid^ 
and oxynitrklcs of siEcon, and mixtures of one or more of oxides, nitrides s .d 
oxynitridcs of silicon. That is, no other components are present in this Iayer» w; >h 

20 the possible exception, if required for a sputtering process using silicon as d,e 
cathode (target), of up to 15% by weight, but preferably not more than 10%, of 
an oxkie of a silicon dc^>ant selected for exiimple from aluminium, nickel, borcn 
and phosphorus or other dopants, such titanium or zirconium, or mbctur^s 
thereof, which leads to a layer having a refractive index less than 1.7. Ideally me 

25 material of the protective byer is slBca, which term is used herein to mean ar. y 
oxide of silicon, whether stoichtomctricalty Si02 or not If a silicon cathode is 
used it is pieferab^ as pure as possible, lii order to obtain a layer of silica or 
SiOjeNy as pure as possible, and thus should contain no more dopant than tiie 
quantity necessary to give the required electrical conductivity for the deposition 

30 process employed. 

The process according to the invention may be carried out by 
Introducing the substrate into a processing chamber a>ntaining a silicon 
magnetron sputtering source, arul provided with entry and outlet gas-locks, 3 
conveyor for the substrate, power sources, sputtering gas Inlets and 

35 evacuation outlet The silicon cathode contains a small amount of dopant, for 
example 5% of aluminium, to make It electrically conducting. The substrate is 
transported past the activated sputtering source and cokl sputtered by oxygen gi5 
to gjve a siUcon oxide layer on the substrate. 



/ 
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As an altemative to the of a sUicon target cathode wl-, a 
relatively large content of ahiminium to give electrical conductivity, there car. be 
empbyed a cathode having as high a silicon purity as possible, consistent v/iA 
the electrical conductivity required by the deposition equipment and its man.i^ar 
5 of use. so as to obtain a silicon oxide layer as pure as possible and thus haviri j a 
refractive Index of less than 1.5, for example of the order of 1.46-1.48. Examples 
of such altemative target cathodes inciud^ monocrystalline silicon doped u .tJi 
boron to achieve a resisthrfty of about 10"^ ohm.cm, such as the silicon cath^ ie 
doped with 65^ ppm boron (i.e. >99.99% Si) with a resistivity of from 5.i0^ 
70 to 2.10'^ ohm.cm produced by Gesellschaft fQr Electrometalluigy (of D-9CK31 
Nurcmburg. Germany), Other examples employ silicon of at least 99.6% pu:.^y 
and in particular with 0.05% iron and 0.06% aluminium as dopants, obtainec by 
plasma spraying, as produced by Vanderstk-^eten (of B-9800 Delnzc, Belgium). 

Preferably, the substrate comprises a \ntreous material such /is 
15 glass. Other substrate materials are possible, including plastic materials. 

The coated substrate may be transparent or opaque, and in ti^e 
latter case the primary coating layer or one of the primary coating layers may be 
a reflective coating layer. 

The coated sutstrates may be used for a range of differtrit 
20 purposes, such as gla^g units of buildings, especially where the coated surface is 
exposed to the environment, and also exttsrior mirrors for vehicles, where ag£.:n 
the coated surface is exposed. 

The invention will now be described in more detail, with reference 
to the following non-limiting examples. 
25 Examples 1 to 9 

The coating of a glass subslrate with titanium nitride and siii^ 
(Example 1) was performed as follows* 

A sheet of tempered glass having a thickness of 6 mm wr^ 
introduced into a processing chamber containing two planar magneton 
30 sputtering sources having taigets respectively of silicon and titanium, ani 
p^o^^ded witti entry and outlet gas-locks, a conveyor for the substrate, pow ^r 
sources, sputtering gas inlets and an evacuation outlet. The pressure in .i.a 
chamber was reduced to 10"^ Pa. The silicon of the target cathode was doi:od 
wUh 5% aluminium to render it electricaliy conducting. The substrate \l'-3 
35 transported past the sputtering sources wlih the titanium source acth/ated and 
cold sputtered by nitrogen gas at an effective depositing pressure of 3 x 10'^ Pa to 
give a titanium nitride layer with a refractive index ti= 2.4. k = 1.4 at X = SSO 
nm and an geontetrk: thk:kness of 22 nm, whereafter the titanium source wdo 
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deactivated. In fact when later analyzed, tils "titanium nitride" layer was found to 
contain a sOght stoichiometric excess of tilaiilum. 

Nitrogen was purged from itie system and oxygen was Introductd 
at a pressure of 3 x 10"' Pa as sputtering gas. The silicon source was activated 
5 and tfie substrate transported past it to deposit a byer comprising silicon oxide 
having a geometric thickness of 3 nm and a refractive index of 1.52. 

In a similar manner other ccated substrates (A to ^ as set out in 
Table I bebw were prepared for comparison with substrates coated according io 
the invention. 

10 The depxasition of metal iayera, for example of sliver or titanium, is 

effected in an inert atmosphere (either nitrogen or argon for silver, but aigcn 
abne for titanium). Silicon nitride {Si^) is deposited from a silicon cathode 
(doped so as to ise electrically conducting) in a reactive nitrogen atmosphere. 
ZnO and Sn02 are obtained from a zinc ca^Vxle and tin cathode respectively, Li 

15 a reactive oxygen atmosphere. 

TABLE 1 

Exanqkle Coating layara (Thickness nm) 
A* riN(22) 

1 riN(22)/Si02(3) 
20 B* TiN(22)/Sn02(15) 

2 TiN(22)/Sn02(15)/SiQ2(3} 
C* TiN(22)/Si3N4(15) 

3 TlN(22)/SbN4(15)/Sl02{3) 

D* ZnO(35)/Ag(10)/ri{2)yZnO(35) 
25 4 ZnO(35)/Ag(10)m(2)yZnO(35)/SiP2(2) 

£• SnO2(12)yZnO(23)/Ag(10)m{2)yZnO(23)/SnO2(12) 

5 SnO2{12)/ZnO(23)/Ag(10)/Tl{2)/ZnO(23)/Sn02(12)/SiO2(2) 
F* 2nO(35)/Ag(10)/Zn(3)/ZnO(30) 

6 ZnO(35)/As(10)/Zn(3)/ZnO(30)/SlO2(1.5) 
30 7 ZnO(35)/A8(10)yZn(3)/ZnO{30)/SiO2(3) 

G* 2nO(35)/Ag(10)/Zn(3)/ZnO(15)/SiOij(3)/ZnO(15) 

8 ZnO(35}/As(10)/Zn(3)/ZnO(S0}/SiO2(10) 

9 Zn0^nO2{35)/AQ(10)/Ti(3);ZnQ/SnCVZnO(35)/SiOi(5) 
* B Comparative Example 

95 These products were subjected to one or more of a variety of tests 

as described bebw, selected according to thslr intended applications. 
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(1) 7-day Cleveland test. 

The "Clevdand" test consists of forming a glass chamber : which 
the sample forms the roof, with the coated surface facing Inwardly. The chamber 
contains water at a temperature sufficient to provide water vapour at 60 "C in the 
5 immediate environment of the sampk. The roof, being at a lower temji Irature. 
causes the formation of condensation of water vapour and the coi^iinuous 
streaming of water over the coated surface of the sample. The coated su/face of 
the sample is then nibbed with a ctoth to dry it. If it is removed by the c oih, the 
coating has not survived the test 
10 (2) 7-day salt fog teat 

The salt-fog test consists of spraying the samples with NaCi ..olution 
to subject them continuously to a salt fog at about 35 'C. 

(3) Sulphur test 

The sample is surrounded with a sulphur dioxide atmosphere. 
15 thermostatically controUed to 40 'C in a closed chamber for 8 hours, opened for 
16 hours and cycled in this manner for a total of 4 times 24 hours. 

(4) Climatic test 

The sample is sunrounded by air in a chamber the temper<LJure of 
which is cycled between 45 'C and 55 «C for periods of 1 hour for a totd of 23 
20 hours, followed by 1 hour at 25 "C and repeated for 7 days. 

(5) LUCITE* test 

In this test a sample of coated substrate having dimensio. uJ of at 
least 12 cm X 25 cm is used. The sample is placed in a clamp with its test surface 
uppennost, sprinkled 100 g with LUCITE (ex Du Pont de Nemours), a pariculate 

25 material having a strict^ controlled parity and granubmetry and conskang of 
poiymethylmethacrybte. A sheet of uncoated glass is then placed over t^ie test 
surface. A reciprocating pressure plate carrying a weight of about 3.938 kg s then 
positioned on the ewsembly. The plate is reciprocated through 3000 cycle; . After 
the test, the sample is removed and examined by transmission and reflection for 

30 scratches and fibrous markings. 

(6) Washing Test 

The sample to be tested is pbced on a horizontal surface and has a 
drop of concentrated detergent (RBS 30 ex Chemical Products Belgiui.i, rue 
BoUinckx 271 - 1190 Brussels) deposited therepn with the a^d of a pipette, .-iter a 
35 given period of time the drop of detergent is wped away and the sample is 
examined by reflection.. A poor result in this test is an indication that the pioduct 
would devetop defects if placed in a washing machine and which consequently 
may not be useful for applications which necessitate this treatment 
*Trade-mark 
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Results : 

The results of the tests, demonstrating the benefit of the example 1 
to 9 according to the Invention over the specified comparative examples A o4 
were as follows. * ^ 

Example 1 passed the Cleveland test, the sulphur test and xhe 
Lucite test. On the other hand. Example A showed degradation of the coatiri • at 
several places after the Cleveland test, and produced blurring after the sukj ur 
test. After the Ludte test with Example A, several scratches were observed a. id 
the coating had lifted away from the substrate in some places. 

The samples according to Examples 2 and 3 passed the Clevela id 
and salt fog tests. The sample according to Example B passed neither test T- e 
sample according to Example C showed slight change in colour following tj a 
Cleveland test and resisted the salt-fog test. The cobur comparison was mads 
according to the Hunter method (RS Hunter. The Measurement of Appearance 
John Wiley & Sons. NY. NY 1975). The vOies of the Hunter coordinates L. a 
and b, measured either from the glass side or the coated side of the produli, 
were established first for the coated substrate without the coating of the invcnticri 
and then for the coated substrate with the coating of the invention. In the case of 
Exanjples B and 2, measured In reflection from the glass side, the Hunter values 
20 L, a and b were changed as follows: 

Lb, = 44.7% s> 46.1%; a = -3.6 ^.7; b = -10.3 => -10.1. 
These variations in Hunter values are clcarhy less than differences observed fror.; 
one point to another across the surface of a large sheet of glass upon which 
coatings are appUed in series and are thus clearly within admissible 
25 iruuiufEicturing tolerarKes. 

Example D has an luminous transmissivnty Tl of >85% and a 
normal emisshaty < 0.10. This product was subject to the Lucite test After 3CC0 
cycles the coating of Example D was found to be scratched. The same result is 
obtained if a 10 nm coating of TlC^ is superLuposed on the ZnO of Example C. 
30 Example 4 however, which included the additional silica protection layer, 
scratching of the coating was avoided, indicating that abrasion resistance hai 
been Improved while preserving the optical piwpertics intact. 

Example E resisted the Lucite test but is sensitive to humidity ar.d 
to the detergent When the sample according to Example E is subjected to th^i 
35 Washing test the coating is dissoh^ after 2 minutes. On the other hand, the 
sample according to Example 5 always resists the Washing test after 10 minutes. 

Examples F and 6 to 8 were subjected to the same washing test as 
used for Examples E and 5. With Example F. having no sUica protection byer 
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the coating was removed after 10 minutes. vVith Example G. where the protecil ve 
layer of silica was covered with a further layer of zinc oxide, the coating was 
removed in the region of the detei^nt drop. The degradation of the coating v as 
already noticeable after only 2 minutes with these two samples. Example 6 
where the protective layer had a thickness of 1.5 nm, showed no removal of 
coating after 10 minutes in 2 out of 3 repeais, indicating that in this example o,.e 
is at the limft of protection for the coating. A comparison of Examples 7 anc S 
where the protective layer had a thicknesses of 3 nm and 10 nm respcctiv^^iy 
showed that the btter showed a sUght decoloratk>n compared widi the fbnr^?. 
indicating the limit of acceptable change in optical properties had been reached. 

Example 9 is a tew emissivity glazing panel to which has been 
added a 5 nm protective layer of silka. Afier 1 day subjected to the salt fog tftfS, 
this coating remains Intact. Without the coating byer of silica, the same tcit 
causes the appearance of white spots in the coating. The silica layer does not 
15 signifkantiy modify the dominant reflected wavelength, nor the purity of colour. 
The values of the Hunter co-ordinates L, a and b, measured in reflection from iL 
coated skle, changed from those for the coated substrate without the coating c/ 
the invention to those for the coated substrate with the Example 9 coating of the 
inventksn as foUows: 
20 Lr, = 21.9% =* 21.8%; a = -2.2 => -2.5; b = -5.1 =» ^.3. 

These variations again are clearly within admissible manufacturing tolerances. 
Examples 10 and 11 

Using a method similar to that described In connection wiii. 
Examples 1 to 9. other coated substrates were prepared as set out b\ Table ti 
2S below. In these examples the cathode employed was formed of siUcon doped 
with 10% aluminium. 

TABLE II 

Exatnpl* Coating layers (Thickneso nm) 
H* Cr{40)/SnQ2(85) 
30 10 Cr(40)/SnO2{85)/Sia2(3) 
I* Cr(40) 
11 Cr(40)/SiQ2(3) 
* s= Comparative Example 

An alcohol test was carried out on samples H and 10, consisting ov 
35 vigorously wiping a cloth soaked in alcohoi 50 times over the surfoce of the 
coating. There resulted a decobration of the sample according to Example H, 
white the sample according to Example 10 remained intact. 
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Examples I and 11 were «ulj^cted to a 'Tabcr" test which utilis^a a 
Taber Abraser {from Taber Abraser Tes^g Imtnimenls) which comprises a 
rotating support table onto which the sample is fbced and on which a miUston.. is 
apptted which rotates in a plane perpendicular to the support table. The millstone 
5 Is of the type CSIOF (rubber filled with abrasive grains) and is baded to 60C g 
The luminous transmission of the sampfe is observed before and after COO 
rolattons. The luminous transmission is 2% before the test for both Exampks I 
and 11. After the test, an increase in luminous transmission is noticed, nan; ^ 
3,3% for Example 1 but only 2.5% for Example 11, with scratches being 
10 noticeable. 

Exannple 12 & comparative ouunplec J & K 

Again using a method similar to that desaibed In connection wllh 
Examples 1 to 9, other coated substrates were prepared so as to provide a 
comparison with the teaching of EP-A.0548972. In Example 12 the cathode 
15 employed was tonned of substantially pure silicon (the cathode being obtained 
from Gesellschaft fOr Electrometalluigy). 
Example Coating layers (Tlilcknesa nm) 
J* (g]assl/TlN(24) 
K* l3lass]/TiN(24)/Sn:Si oxides [50:501(5) 

20 12 (gbssimN(24)/SiQ2(5) 
* = Comparafive Exairq>le 

Example J represents the base product. It had kiminocs 
transmissivity (TJ of 29.16% and luminous i-eflectivity (RJ of 13.8%. The valu^ 
of its Hunter co-ordinates a and b, measured in reflection from the glass sidii. 
25 were -0.75 and -9.7 lespecfivety. 

Example K is a product according to EP.A<J548972. It had 
himinous transmissivily (TJ of 29.57% and luminous reflectivity (RJ of 14.8%. 
The values of its Hunter co-ordinates a and b, measured in reflection from 
glass side, were -1.15 and -10.4 respecdvely. Such variations in opticc.1 
30 properties, added to variations arising in ihe course of manufacture, change tri^ 
optical properties to a greater extent ti^an the admissible manufacturirw 
tolerances. These tolerances are imposed to ensure a consistent product quaUx; 
and depend strongly on the product characteristics. In this case the tolerances aiC 
as follows: Tl ± 1.2%, ± 0.51%. a ±0.2 and b ±0.4. The Example K results for 
35 f^,a and b feU outside these limite. 

The equivalent results for Example 12 were: luminou;^ 
transmlsshoty (TJ of 29.42% and luminous reflectivity (RJ of 14.3%. The values 
of Ha Hunter coHjrdinates a and b, measured in reflection from the glass side 
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were -0.95 and -10.0 respectively. These aye within the manufacturing tolerar. : 
of the base product 

It can also be noted that a 3 nm layer of the 50:50 Sn:Si a^lde 
material according to EP-A-0S4S972 is not enough to achieve any signiflcmt 
improventent in the durabilily of the coated base material, whereas 3 nm of sLca 
(SiP2) ensures good protection which improves the durability of the product ^ 
protects the base coating against wear cau&ad by handling and transportation. 
Exsiiq>le 13 

Again using a method similar to that described in the previews 
exan^iles an anti-solar panel having a silver layer was given a protective coating 
according to the invention. 
Example Coating layers fiThiGknesd nm) 

13 Iglass]/ZnO(40)/Ag(22)m(3)/{ZnO/SnQ2/ZnO)(65)/SiOe(5) 

The properties of the so-ooaSed panel were compared with ti-^ 
panel prior to coating wth Si02. The luminous transinissi\4^ (TJ of the SiCs- 
ooated panel was about 1% less than the SiCVfree panel and its solar factor (FS) 
was unchanged. The luminous reflectivity (RJ changed from 40.7% (SiO^free) -o 
41.5% (SiQrcoated). The values of its Huntar co-ondinates L, a and b, mcasurid 
in reflection from the glass side, were changed as follows (SiCVfree to SIO2- 
coated): 

L,,, = 63.8% =» 64.4%; a = -2.3 a» -2.5; b = -2.7 -2.3. 

These changes are within the manufacturing tolerances of ihz 
product The SiOj layer significantiy improves the durability of the product In tl;^ 
Washing Test in tiie absence of the SiQz lay«r a deterioration was observed in ita 
colour of the base layer, whereas there was no discobration when tiie SiQj lay 
was present 
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The embodiments of the invention, in which an exclusive 
property or privilege is claimed are defined as 
follows : 

^* A coated substrate comprising: 

a substrate; 

at least one primary coating layer formed cn 
the substrate; and 

a sputtered protective layer provided by 
cathode vacuum sputtering on an outermost coating layer 
of the at least one primary coating layer, wherein saxd 
protective layer is exposed, has a thickness rangi^.g 
from 1 to 10 nm and is composed of a material having a 
refractive index of less than 1.7 and comprising at 
least one substance selected from the group consisting 
of oxides of silicon, oxynitrides of silicon, and 
mixtures of at least one of oxides of silicon, nitrides 
of silicon, and oxynitrides of silicon, and wherein the 
material of said sputtered protective layer 
additionally comprises not more that 10% by weight of a 
further substance which is an oxide of a silicon dopant 
or an oxynitride of a silicon dopant. 

2- A coated substrate according to claim 1^ 
wherein the material of said protective layer has a 
refractive index of less than 1.6. 

3- A coated substrate according to claim 2, 
wherein the material of said protective layer has a 
refractive index of less than 1,55. 

4. A coated substrate according to claim 1, 2 or 

3, wherein said protective layer has a thickness cf 
from 2 to 5 nm. 
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^' A coated substrate according to claim : 

wherein the primary coating layer is comprised of 
substance selected from the group consisting 
titanium nitride, tin oxide, zinc oxide, titanium oxic 
and chromium. 



^' A coated substrate according to claim 1 

wherein the material of said protective layer is Si02- 

'7- A coated substrate according to claim 1 

wherein said silicon dopant is selected from the grou 
consisting of aluminumi nickel/ boron and phosphorus. 

8- A coated substrate according to claim 1 
wherein said substrate comprises glass, 

9- A coated substrate according to claim 1 
wherein the coated substrate is transparent. 

10- A coated substrate according to claim 1 
wherein the coated substrate is opaque. 

1^- A coated substrate according to claim ID- 

wherein said at least one primary coating laye: 
includes a reflective coating layer. 

A process for for-^dng a coated substrate,, 
comprising the steps of: 

a) providing a substrate; 

b} forming at least one primary coating laye;: 
on the substrate; and 

c) forming by cathode vacuum sputtering 
protective layer on an outermost coating layer of the: 
at least one primary coating layer, said protective 
layer being exposed, having a thickness ranging from i 
to 10 nm and being composed of a material having z 
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refractive index of less than 1.7 and comprising at 
least one substance selected from the group consisting 
of oxides of silicon, oxynitrides of silicon, and 
mixtures of at least one of oxides of silicon, nitrides 
of silicon, and oxynitrides of silicon, wherein the 
material of said protective layer additionally 
comprises not more than 10% by weight of a further 
substance which is an oxide of a silicon dopant or an 
oxynitride of a silicon dopant. 

13. A process according to claim 12, wherein saxd 

cathode vacuum sputtering employs a silicon cathode 
doped with an oxide forming dopant selected from the 
group consisting of aluminium, nickel, boron and 
phosphorus . 



